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Soil organic carbon plays an important role on soil physico-chemical properties and crop yields in paddy soil.
However, there is little information on the soil organic carbon under different forage cultivation during winter
season in rice paddy. In this study, we investigated the soil organic carbon and physico-chemical properties in
87 fields of paddy soil cultivated with Barey, rye, and Italian ryegrass (IRG) as animal feedstock during winter
season. Organic carbon was 12.9, 14.3,and 16.9 g C kg'1 in soil with barley, rye, and IRG cultivation, respectively.
Among rice-forage cultivation systems, the rice+IRG cropping system was 19.5% higher than in the mono-rice
cultivation. Bulk density ranged from 1.17 to 1.28 g em” irrespective of cropping systems, and had strongly
negative correlation with the soil organic carbon in the rice+IRG cropping system. Carbon storage in rice+IRG
cropping systems was average 29.6 Mg ha” at 15 cm of soil depth, which was 20.4 and 10.3% higher than
those of barley and rye cultivation. Increasing carbon storage in paddy soil contributed to the fertility for
following rice cultivation. This results indicated that IRG cultivation during winter season could be an
altemative and promising way to enhance soil organic carbon content and fertility of paddy soil.
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Distribution of soil organic carbon contents under rice-forage cropping system in paddy soil.
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Introduction
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Table 1. Farming practices for forage cultivation in paddy soil.
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9d S, FEee TEe 108 St 109, 1A &
A7 = WEE7HA] o] R Flal, HFafe AHelel o

- 717} 180~200 kg ha ',
BHH)RE 200~300 kg ha '
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Forage
Forage cultivation practices Barley Rye Italian-ryegrass (IRG)
(n=13) (n=20) (n=32)

Sowing seed

Date (mm/dd) 9.10~10.10. 9.30~10.30. 9.10.~9.20.

Rate (kg ha™) 180~200 200 40
Fertilization

Composite fertilizer (kg ha™) 300 200 300

Addition (kg ha) 150 300 150
Harvesting

Date (mm/dd) 5.1.~5.10. 5.15.~6.10. 5.1.~5.10.

Productivity (roll ha™) 30 38.6 375

Note) Weight of one roll was 400~600 kg after harvesting. n is sampling number.
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Fig 1. Distribution of soil organic carbon contents under
rice-forage cropping system in paddy soil.

SHFe v ©ho] 14.2 g kg, H-RALR ZEA A o)1
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WA &kt (p<0.05),
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20,7, 5.1% © =8It} Fig. 13t 7o), H+IRG AHFA Aol
A =Eoko 2 RE H W IRGE A 2AIRE T-83]t
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AANA 2 1FE 7|2 TC o] Bt SOC TS =
e Aoz sehE,

EY 22X BY EY T e e 2 ¢
e AL 1= Bl e H Aol
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B IRE)e Bas B 9 Aak woe) ojstard
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Table 2. Characteristics of stubble in paddy soil after forage harvest under rice forage cropping system in paddy soil.

C and N supply

Forage Stubble mass TC C/N ratio
C N
(Mg ha™) (g ke (g ke e g
Barley 6.05 241.6 8.36 28.9 1,459 69.9
Rye 6.86 257.3 7.90 332 1,754 64.9
IRG 5.99 264.5 7.55 34.9 1,610 57.5
Table 3. Physical properties of paddy soil under rice-forage cropping system.
. . 3 phase .
Cropping system Bulk density Solid Liquid Gas Porosity
(g cm”) %
mono-rice 1.224, 46.0a 42.5, 11.6, 54.04p
Rice-Barley 1.224 46.04p 43.1, 10.9, 54.0ap
Rice-Rye 1.28, 48.4, 38.4 13.2, 51.6a
Rice-IRG 1.17 443y 44.9, 10.9, 55.7

JekS vl 4= Qlth (Yang et al., 2007), Table 304, B—
AR ARAA N AEE HEe, 3, RGE At
=R Eu3 54 W oAt Blasigict B ezt
A EoFol SAWELE 122 g cm " O B+ HE|Q} v+T
g AR A= ZFo)7F A glle ZLeur IRG AHRA|
AR 117 g om "R H ghato] w]s) 4.3% | WOk
(p<0.05), H+IRG AHEA|A oA &AL =t SOC F =
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NEOL BIAIE o] F7] wjEo] EUQ] AustE AT
53] dehof] 329k F9] SOCE= waliA & do] =0t vl
MEO] BhA 0] 8-S A3 4= St} (Oades, 1984; Balesdent
et al., 2000). E3F SOCe|| o3t g & M2 2=
o] <A 59 ASHE biomass F7HI7IEH, ol EY &
SOC ke =o]=g)]| 7|oJ& 4= Ut} (Jenkinson et al,, 1987;
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Fig 2. Distribution of carbon storage under rice-forage
cropping system in paddy soil.
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Table 4. Chemical properties of paddy soil under rice-forage cropping system.

) Ex. cation Inorg. N
Cropping system pH oM Av.P,Os
K Ca Mg NHs-N NO;-N
(1:5) (g kg'l) (mg kg") -------------- (cmol kg'l) ---------------------- (mg kg") --------
mono-rice 6.14 24.5, 130, 0.29, 4.88y 1.19 2.8y 9.7,
Rice-Barley 6.4, 22.3, 207, 0.28, 6.12, 1.87, 9.3, 9.7,
Rice-Rye 6.0y 24.6y 1790 0.24, 4.72 0.61; 4.6, 7.7
Rice-IRG 6.14 29.1, 121, 0.32, 4.85 1.47 5.5 14.8,

& 5 71E T SOC Y FARE A e
o}, 12jal WA Re] ARAAE ALjshd, W ekl A
pH= 6,12 W+Z U7} H+IRG 2HEA A9 B pHeb= 2}
o7} At (»p<0.05). B pHE 7713+ W A4} Q19
SRE TP FFL 0]}, Table 40]4] W-2AR 3
AA & B pH7} 6,42 7P =2 W+ ] ZHEA|A
A NH,-Nzt 8314} ghago] 27t 9,87} 207 mg kg &
7P =3dth Bl 49 919 52 A FadEt
of tigl ¥l E&o] E 4= It} (Carpenter et al., 1998;
Sims et al., 1998). E38] RALR =8} Tof g=of o5 2
He| 59 AZZEE W 0|70 =orkiE 7184 219
=0 =olRItt (Lee et al,, 2011), WEpA] =of ZAMR
=5 Ao W Q1 FEE AU 5 Sl A et
sflo] Wasi,

B pHe A|2Hd Ca®t Mg gFda ¥ho] glom (Lee
et al,, 2008), EQF F Ca®l Mg [l Alslole
(OH )& B 5 40l (H) 558 /A pHE Y
4= 9t} (Dampney, 1985; Tang et al., 2003), 3t EOF
pHQ] Z=7}= microbial biomass I FAZTA]L ZZIA])7]|1,
ol BEY F A W 9l fa%r| A= 4= 1t} (Cookson,
1999; Tate, 2000; Lee et al., 2008), F7|€] 212 AMJECF
oA Al-P$} Fe—P= Z51A| 2= AT, A7/ EdolA
L Ca—P= ZA =} (Fixen et al,, 1983; Stout et al., 2000).
9 pH7} ool weh mo % ALT Fe glel wlsf A4
YHo offt CaP AROR FRANIEE b
(Dean, 1949; Bohn et al., 1985), 18]\ ESF &= FEG-3
T 7lE 544 % AEske ol ol gEtAAl wZell
(Haque et al,, 2013; Kim et al., 2013), 7}4Q1 A}
Bog o we,

Conclusion
H-ZALR ARAA A 2ARE FFH7F EYR7|E 1
A= S v o vwsiglch ALE HeeE|, 5,
ojgrz|etEtolZ ek (IRG) AR eflA] SOC ke W ozt
A2} vlwgt A}, W+IRG AR L] SOC Trege] 19% ot
Aok B9 SAUEE SOC T Fof ARkl

3L, W+IRG Aufe} v ©h2to] sfeha] 54 Jholl= et
Aol QISMEE 2|l B+IRG Aulle SR ol B
Aol Blsf 11.3% =Skt ALd =Eol olgeetEtol=E
2kx (IRG) Al Ed7les A8 & e 78t &

oFpegHolet & 4 it
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